and perforations (40 vs. 21; p < 0.05) were registered than during 1989-1998. The rate of emergency surgery increased from 70% during 1989-1998 to 87% during 1999-2008. In contrast, elective surgery decreased from 21% during 1989-1998 to 7% during 1999-2008. Ulcer excision and oversewing was the most frequent surgical procedure performed (59%), with decreasing rates of acid-reducing surgery. Conclusion: Despite recent advances in PUD management, ulcer hemorrhage and perforation remain a significant health burden and a surgical disease.
Introduction
Peptic ulcer disease (PUD) remains a significant health burden and an important reason for hospitalization worldwide [1] [2] [3] . PUD results from an imbalance between the protective mechanisms of the gastrointestinal mucosa, such as mucus and bicarbonate secretion, and the harming impact of gastric acid and pepsin. This imbalance is predominantly associated with the use of non-steroidal anti-inflammatory drugs (NSAIDs) and acetylsalicylic acid (ASA) and/or Helicobacter pylori infection [4, 5] . NSAIDs and H. pylori infection are independent risk factors and develop a synergistic effect on the development of gastric and duodenal mucosa damage, ulceration, and ulcer bleeding [4] . Gastric acid hypersecretion, psychological stress, nicotine and/or alcohol consumption, immunosuppressive medication, and age-related decline in prostaglandin levels are other important risk factors for the development of PUD [4, 6] . There has been a dramatic change in the management of Keywords Peptic ulcer disease · Ulcer hemorrhage · Ulcer perforation · Ulcer excision · Surgical oversewing · Non-steroidal anti-inflammatory drugs, NSAIDs · Helicobacter pylori Summary Background: The aim of this study was to analyze the admissions and the management of peptic ulcer disease (PUD) in a tertiary care surgical center. Methods: We evaluated the medical records of all patients admitted to the University Hospital of Tübingen, Germany, for treatment of PUD during 1989-2008. Patients were included into the study if the diagnosis was verified endoscopically or surgically. Annual number of admissions, length of hospitalization, mortality rate, age, rate of non-steroidal anti-inflammatory drugs (NSAIDs) and proton pump inhibitor (PPI) medication, rate of Helicobacter pylori infection, and complications of PUD and surgery performed were recorded. Data were analyzed by descriptive analyses, Pearson's chi-square test, and regression analysis. Results: This study included 614 admissions. The number of annual admissions (31 ± 12), the length of hospitalization (9 ± 3 days), and the mortality rate (5 ± 4% per year) remained constant, whereas the age increased (1989: 52 ± 14 years vs. 2008: 67 ± 16 years). The rates of patients with H. pylori infection (47 ± 28% per year), NSAIDs treatment (29 ± 15% per year), and PPI treatment (31 ± 27% per year) remained constant. The most frequent PUD complication was hemorrhage (42 ± 16% per year), followed by perforation (9 ± 8% per year). During 1999-2008, more hemorrhages (125 vs. 121; p < 0.05) PUD in recent decades: In the 1980s, H. pylori was identified as the most important cause of PUD [7] . Effective eradication therapies were established and provided previously not imaginable healing rates of PUD [8] . The important role of NSAIDs and ASA in PUD was recognized and initiated the search for alternative therapeutics and preventive strategies [4] . Nevertheless, the prescription and use of NSAIDs and ASA continues on a high level [9] [10] [11] . Today, histamine-2 receptor antagonists (H 2 RA) -launched in 1979 [12] and proton pump inhibitors (PPI) -launched in 1989 [13] -allow efficient inhibition of gastric acid secretion so that the so-called acid-reducing surgery is rarely needed. PPI provide healing rates of gastric and duodenal ulcer which even exceed the potential of H 2 RA [14] .
This study aims to analyze the impact of the recent changes in the management of PUD on the hospitalization and therapeutic strategies. Therefore, we evaluated all cases of PUD treated at a German tertiary care center in the first two decades after the introduction of PPI.
Material and Methods

Patients
The study was reviewed and approved by the local ethics committee of the University of Tübingen, Germany. This retrospective study analyzed the medical records of all patients admitted to the University Hospital of Tübingen, Germany, for gastric ulcer, intrapyloric ulcer, or a combination of gastric and duodenal ulcer between January 1989 and January 2008. Patients were included exclusively when the diagnosis was verified by endoscopy or surgery.
We analyzed the time trends regarding the following variables: number of admissions, length of hospital stay, age, overall mortality, presence of risk factors like NSAID and H. pylori, and PPI medication in the cohort. Time trends were analyzed in two ways: firstly, a continuous analysis over the 20-year period; secondly, a separate analysis of the two decades (1989-1998 and 1999-2008) .
The following complications were recorded and analyzed in subgroups depending on the use of PPI: ulcer hemorrhage, ulcer perforation, ulcer penetration, and gastric outlet obstruction (GOO). Finally, we analyzed the surgical management of PUD complications in our cohort.
Statistical Analysis
Data are presented as mean ± standard deviation (SD) if not stated otherwise. Time trends of the variables over the 20-year period were analyzed using regression analysis to evaluate whether there is a correlation between the variables. The change of prevalence of the complications over the two decades as well as the correlation of PPI medication and the complications were analyzed using the Pearson's chi-square test. A p-value < 0.05 was considered as significant. All analyses were done using Microsoft Excel (Microsoft Corporation, Redmond, WA, USA) software.
Results
Demographic Data
There had been a total of 518 patients with 614 admissions to the University Hospital of Tübingen, Germany, for gastric ulcer, intrapyloric ulcer, or a combination of gastric and duodenal ulcer during the years 1989-01/2008. The total number of patients admitted for PUD was 334 in the first decade of observation (1989) (1990) (1991) (1992) (1993) (1994) (1995) (1996) (1997) (1998) and 280 in the second decade (1999-01/2008). The mean age of the patients was 62.5 ± 17.5 years, with a female to male ratio of 1: 1.3. The mean length of hospital stay was 8.8 ± 10.3 days. The overall mortality rate was 4.7% (table 1) .
The mean number of cases treated annually was 31, and we did not record a significant trend of the number of patients hospitalized for PUD. The mean age significantly increased from 51.8 ± 14.3 years in 1989 to 67.5 ± 16.1 years in 2007/2008. The mortality rate remained constant at 5%/year during the observation period. The length of hospital stay remained constant during the observed period ( fig. 1-3 ).
Complications of Peptic Ulcer Disease
During the second decade of observation significantly more PUD complications (hemorrhage, perforation, ulcer penetration into adjacent organs, and GOO) were registered than during the first decade. In particular, more ulcer bleeding and perforation were registered in the second decade compared to the first decade (table 2) .
The most frequent complication of PUD recorded during the observed period was ulcer bleeding (mean 42 ± 16%/year), followed by ulcer perforation. The mean annual perforation rate was 9 ± 8%. Ulcer penetration and GOO were rarely observed. Between 1989 and 2008, the mean rate of ulcer penetration and of GOO was 2 ± 2%/year and 1 ± 3%/year, respectively ( fig. 4 ).
Risk Factors: Helicobacter pylori and NSAIDs
The percentage of patients tested for H. pylori infection varied during the observation period. In the first years of observation the percentage of tested patients increased from 0% in 1989 to 39% in 1998. The mean rate of tested patients was 33 ± 27%/year in the first decade of observation, with 48% of the tests being positive. In the following decade, the mean rate of tested patients increased to 65 ± 14%/year, and 43% of the tests were positive. The annual rate of H. pylori infections peaked in 1992 and 1993 when 100% of the tests were positive. In 2008, none of the tested patients was positive for H. pylori infection.
During the observation period the rate of patients with NSAIDs at presentation varied. The mean rate of patients treated with NSAIDs at admission was 29 ± 15% of the patients with known medication. The mean rate of patients hospitalized with unknown medication was 15 ± 13%. 
Proton Pump Inhibitor Medication and Peptic Ulcer Disease Complications
During the observation period the mean rate of the patients treated with PPI at admission was 31 ± 27%. Patients hospitalized with unknown medication were excluded from this calculation. We did not detect a significant correlation between PPI medication and PUD complications. Subgroup analysis, however, revealed that PPI medication was associated with a significantly lower rate of ulcer perforation in our cohort (table 3) .
Management of Ulcer Complications
The importance of surgery in the treatment of PUD varied during the observation period. The operation rate of the hospitalized patients with complicated PUD was 28.2% and varied between 13% (1990) and 52% (2004) . A clear trend during the observation period was not noticeable. However, comparison of the two decades of observation (1989-1998 and 1999-2008) revealed that the rate of emergency surgery increased (70 vs. 87%) while the rate of elective surgery decreased (21 vs. 7%) (table 4).
The surgical strategy has also changed in the last 20 years: Overall, ulcer excision and oversewing was the most frequent surgical procedure performed during the observation period, with the rate of excision and oversewing increasing between the two decades (42 vs. 76%). In contrast, the rate of acid-reducing surgery (resection and/or vagotomy) decreased (49 vs. 24%). The rate of endoscopically treated hemorrhage remained unchanged between the first and second period of observation (27 vs. 28%) (table 4).
Discussion
We analyzed the medical records of all patients treated for PUD at the University Hospital of Tübingen, Germany, from 1989 to 2008. We aimed to explore the effects of the recent advances in the medical treatment of PUD on the admissions and therapeutic strategies at our hospital.
We did not observe a significant decline of the patients hospitalized for PUD. However, the total number of patients admitted for PUD decreased from 334 in the first decade of observation (1989) (1990) (1991) (1992) (1993) (1994) (1995) (1996) (1997) (1998) to 280 in the second decade (1999-01/2008). Several studies report a decrease of the incidence and prevalence of PUD as well as of the hospitalization rate for PUD since effective therapeutics for the reduction of gastric acid secretion and H. pylori eradication are available [1, 3, [15] [16] [17] [18] [19] . The position of our hospital as a tertiary care center with a supraregional, established surgical endoscopic unit explains that we did not register a significant decrease of annual admissions. Most of our patients are assigned to our hospital by practicing endoscopists or gastroenterologists if the possibilities of out-patient treatment are exhausted. Our analysis included only endoscopically or intraoperatively confirmed PUD.
The rate of PUD complications increased during the period of observation. We especially registered an increase of ulcer bleeding and perforation. Those findings are in line with data collected in the Netherlands [15] , the USA [20] , and England [17, 21, 22] during the 1990s. A decrease of PUD complications since 2000 is reported in Finnish [16] , Norwegian [23] , and US data [3] . In contrast to our study, which analyzed data from a single tertiary care center, those reports used aggregated data from hospital registers.
The general change of the age structure in western populations is reflected in the increase of the mean age of the patients admitted for PUD. During the observation period the mean age of our patients rose by almost 25% (52 years in 1989 to 64 years in 01/2008). A similar dramatic ageing of the patients hospitalized for PUD in this period of time is reported in an English study [17] . In our cohort, the striking increase of the average age occurred in the 1990s. Two circumstances are frequently mentioned to explain those changes of the age structure; i.e., the declining prevalence of H. py-lori infection and the successes of eradication therapy decreased the hospitalization rate especially in the younger population. In contrast, an augmented use of low-dose aspirin for the prophylaxis of cardiovascular disorders and a widespread use of long-term NSAIDs medication increased PUD in the elderly [19, 24] . Maybe an increasing use of COX-2 inhibitors and the prophylactic administration of PPI might impede this trend in the next years. The higher age of PUD patients might also explain the increase of ulcer hemorrhage and perforation registered in our cohort. Amongst older individuals, antiplatelet agents and anticoagulants are more common than amongst the younger population. In addition, elderly patients often use analgesics permanently, and these potentially mask the body's danger pain signal. Those circumstances promote that ulcer bleeding or perforation might be the first symptom of PUD. Bardhan and Royston [17] recorded a clear relationship between individuals of 65 years and above and hemorrhage as the first manifestation of PUD in an English cohort.
The rate of patients operated for PUD varied during the observation period. Comparison of the two observed decades (1989-1998 and 1999-01/2008) revealed an increase of patients requiring emergency surgery and a remarkable decline of elective surgery. Other authors registered a similar decrease in elective PUD surgery [3, 17] . Although the modern medical management of PUD virtually replaced the so-called acid-reducing surgery (which consists of antral resection and/or vagotomy), the decrease of elective PUD surgery started long before the introduction of H 2 RA and PPI. Declining rates were already registered in Sweden during the 1960s [25] , in England in the 1970s [22] , and in Finland in the 1980s [12] . The authors of these studies speculate extensively about the reasons for this trend. Probably the combination of several circumstances accounts for the early decrease of elective PUD surgery: Advances in fiberoptic endoscopy allowed to detect malignancy without surgery and to distinguish non-ulcer dyspepsia. Surgical strategies altered over the years and indications changed. The socioeconomic standing might impact the course of PUD as well [12, 17, 25, 26] .
Ulcer excision and oversewing was the most frequent surgical procedure in our cohort. The rate of patients requiring this procedure markedly increased in the second decade of observation (1989-1998: 45% vs. 1999-01/2008: 76%) . This corresponds to the This study has limitations that should be considered. First, as a retrospective, single-institution study analyzing data from a tertiary care surgical center, our study is subject to selection bias. Our data are not representative for a certain population and do not allow conclusions regarding overall incidence and prevalence. Second, most of our patients presented as an emergency. Comorbidities and medication were incompletely registered in many cases, and a considerable number of patients were not tested for H. pylori infection during the hospital stay due to the emergency situation. Therefore, our data permit only limited conclusions regarding morbidity and the impact of PPI medication itself. Nevertheless, our study provides insights into the characteristics of PUD and the challenges the medical staffs should be aware of. The importance of emergency surgery and endoscopy remains on a high level, and a substantial part of the patients presents during the weekend, evening, or night time when the staff is reduced [23] . Because of the striking decrease of elective PUD surgery, several specific surgical procedures almost disappeared but possibly have to be performed in an emergency situation. This causes substantial challenges during surgical formation.
Conclusion
In summary, the general decline of PUD incidence and prevalence also affects the number of patients admitted to our tertiary care center. However, the rate of PUD complications is increasing, and especially the rates of severe hemorrhage and perforation requiring surgical intervention increased in our cohort. We registered a considerable ageing of the patients hospitalized for PUD. Elective PUD surgery loses importance whereas the rate of patients requiring emergency surgery even increased in our cohort.
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